THERMAL PROCESSING APPARATUS AND THERMAL PROCESSING 

METHOD 

Field of the Invention 
This invention relates to a themial processing apparatus that 
conducts a themnal process to an object to be processed, such as a 
semiconductor wafer. In particular, this invention relates to a thermal 
processing apparatus and a thermal processing method wherein a 
temperature of an object to be processed is forecasted by using a 
thermal model and wherein a thermal process is conducted based on the 
forecasted result. 

Background Art 

As a batch-type of thermal processing apparatus that can 
conduct a thermal process such as a film-forming process, an oxidation 
process and a diffusion process, to a plurality of objects to be processed 
at one time, there are known a horizontal type of thermal processing 
apparatus and a vertical type of thermal processing apparatus. 
Recently, the vertical type of thermal processing apparatus has been 
predominant because it causes less air involution. 

The thermal processing apparatus conducts a thermal process 
while controlling process conditions such as a process temperature, a 
process pressure and a gas flow rate to coincide with target values 
defined in a redpe. Thus, in order to conduct the thermal process 
properly, it is necessary to measure a temperature of a wafer, a 
pressure in a reaction furnace, a gas flow rate, and so on. 

The pressure in a reaction furnace may be measured relatively 
accurately by means of a pressure gage. In addition, the gas flow rate 
may be rheasured relatively accurately by means of a mass-flow 
controller Including a flowmeter arranged in a supplying pipe. However, 
it is difficult to measure the temperature of a wafer. A method of 
attaching a temperature sensor to a wafer has been proposed. 
However, In the method, a semiconductor device can not be formed at 
the position where the temperature sensor has been attached. In 
addition, impurities from the temperature sensor may pollute the whole 
reaction furnace, which may cause deterioration of yield of the 
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semiconductor device. 

Conventional techniques to solve the above problem have been 
disclosed in JP Laid-Open Publication No. 2002-25997 and in USP 
5,517,594, for example. In these techniques, a plurality of temperature 

5 sensors is arranged In a reaction furnace, a temperature of a wafer is 
forecasted by the minute based on a themnal model (a mathematical 
model) relating to outputs of the plurality of temperature sensors and 
electric power supply to a heater for heating the reaction furnace, and 
the electric power supply to the heater is controlled by using the 
10 forecasted value. According to the techniques, the temperature of a 
wafer can be forecasted relatively accurately In a noncontact manner, 
and the thermal processing apparatus can be suitably controlled based 
on the forecasted value. 

Conventionally, in the above type of thermal processing 

15 apparatus, as shown in Rg. 1 of JP Laid-Open Publication No. 
2002-25997, the heater is generally provided at a side wall of the 
reaction tube (reaction fumace) in order to secure uniformity of 
temperature in a vertical direction in the processing container. 

Recently, many-kinds and small-amount production has been 

20 requested increasingly. Accordingly, a batch type of vertical thermal 
processing apparatus having a small processing container (that 
processes a relatively small number of wafers) has been proposed. On 
the other hand, the -wafer as an object to be processed has been 
enlarged Increasingly. Thus, a ratio of a diameter R with respect to a 

25 height T of the processing container has been increased. 

In the above design, there is a problem that it is difficult to 
secure the uniformity of temperature in a vertical direction in the 
processing container. In order to solve the problem, a batch type of 
vertical thermal processing apparatus has been developed wherein 

30 planar heaters (upper heater and lower heater) are provided at upper 
and lower portions in the processing container. 

Summary of the Invention 
However, in such a thermal processing apparatus, regarding 
35 wafers W arranged at upper-end and lower-end portions of a wafer boat, 
temperature difference within a surface and temperature difference 



between surfaces may be caused depending on how to control the upper 
heater and the lower heater, so that film-thickness and film-quality may 
not be made uniform. 

In addition, in such a themnal processing apparatus, inside 
5 temperature of the processing container changes sharply when the 
wafer boat is loaded In the processing container and when the wafer 
boat is unloaded from the processing container. Thus, reaction products 
adhering on an inside surface of the processing container as a layer may 
be peeled off, so that so-called particles may be generated. The 

10 particles may adhere on a wafer W to be processed, to have adverse 
effect on the subsequent process. 

These problems are common in any type of thermal processing 
apparatus that processes various objects to be processed, not limited to 
the semiconductor wafer. 

15 This invention is Intended to solve the above problems. The 

object of this invention Is to provide a themnal processing apparatus and 
a thermal processing method that can conduct a temperature control 
more property. 

In addition, the object of this invention is to provide a thermal 

20 processing apparatus and a thermal processing method wherein heaters 
are provided at a side portion, an upper portion and a lower portion with 
respect to an object to be processed, wherein a temperature of the 
object-to be processed is forecasted by using a themnal model, wherein 
a themial process is conducted based on the forecasted temperature, 

25 and wherein a temperature control can be conducted more properly. 

In addition, the object of this invention is to provide a thermal 
processing apparatus and a thermal processing method that can Inhibit 
partide generation. 

The invention is a themnal processing apparatus comprising: a 

30 processing container for containing an object to be processed; a plurality 
of heaters for heating the object to be processed; a plurality of 
temperature sensors for respectively detecting temperatures at a 
plurality of predetemnined positions in the processing container; a 
storing part that stores: a themnal model for forecasting a temperature 

35 of the object to be processed contained in the processing container from 
outputs of the plurality of temperature sensors, and a recipe in which a 
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desired temperature of the object to be processed is defined; and a 
controlling part that forecasts a temperature of the object to be 
processed by using the outputs of the plurality of temperature sensors 
and the themrial model, and that controls the plurality of heaters so as to 
5 cause the forecasted temperature of the object to be processed to 
coincide with the desired temperature of the object to be processed 
defined in the redpe; wherein the thermal model is configured to 
forecast, from the outputs of the plurality of temperature sensors, not 
only a temperature of the object to be processed contained in the 
10 processing container but also a temperature of at least one other 
predetermined portion in the processing container; a desired 
temperature of the predetermined portion is also defined in the recipe; 
and the controlling part is adapted to forecast a temperature of the 
object to be processed and a temperature of the predetermined portion 
15 by using the outputs of the plurality of temperature sensors and the 
thermal model, and to control the plurality of heaters so as to cause the 
forecasted temperature of the object to be processed and the forecasted 
temperature of the predetermined portion to respectively coincide with 
the desired temperature of the object to be processed and the desired 
20 temperature of the predetermined portion defined in the recipe. 

According to the above feature, since the temperature of the 
predetermined portion other than the object to be processed is also a 
- control object (target), the temperature control in the processing 
container can be conducted more properly, compared with the case 
25 wherein only the temperature of the object to be processed is a control 
object (target). Thus, particle generation can be inhibited. 

For example, when an inside heater is arranged in the processing 
container as one of the plurality of heaters, the at least one other 
predetermined portion in the processing container may include the inside 
30 heater in the processing container. 

Alternatively, the at least one other predetemiined portion in the 
processing container may include a predetermined portion of an inside 
wall surface of the processing container. 

Alternatively, when an upper heater and a lower heater are 
35 arranged correspondingly to an upper portion and a lower portion of the 
object to be processed contained in the processing container as two of 



5 



the plurality of heaters, the at least one other predetermined portion In 
the processing container may Include the upper heater and the lower 
heater. 

In the case, preferably, a gas-dlscharging pipe Is connected to an 
5 upper portion of the processing container, and the upper heater Is 
arranged so as to surround the gas-discharging pipe. 

Alternatively, when an upper heater and a lower heater are 
arranged correspondingly to an upper portion and a lower portion of the 
object to be processed contained in the processing container as two of 
10 the plurality of heaters, and an upper temperature sensor Is arranged 
between the object to be processed contained In the processing 
container and the upper heater as one of the plurality of temperature 
sensors, the at least one other predetermined portion in the processing 
container may include the upper temperature sensor and the lower 
15 heater. 

In the case too, preferably, a gas-discharging pipe Is connected 
to an upper portion of „the processing container, and the upper heater Is 
arranged so as to surround the gas-discharging pipe. 

In addition, when the thermal processing apparatus further 

20 comprises: a unit of introducing a gas to a gas-Introducing port of the 
processing container, and a unit of discharging the gas from a 
gas-discharging port of the processing container, it is preferable that the 
at least one other predetermined portion In the processing container is 
set between the gas-introducing port and a portion on the most 

25 downstream side of the object to be processed, along a path from the 
gas-Introducing port to the gas-discharging port. 

In addition, it is preferable that: the thermal model is configured 
to forecast, from the outputs of the plurality of temperature sensors 
during a thermal process, a temperature of the object to be processed 

30 contained in the processing container during the thermal process and a 
temperature of the at least one other predetermined portion in the 
processing container during the thennal process; a desired temperature 
of the object to be processed during the thermal process and a desired 
temperature of the predetermined portion during the thermal process 

35 are defined in the recipe; and the controlling part is adapted to forecast 
a temperature of the object to be processed during the thermal process 



and a temperature of the predetermined portion during the thermal 
process by using the outputs of the plurality of temperature sensors and 
the thermal model, and to control the plurality of heaters so as to cause 
the forecasted temperature of the object to be processed and the 
5 forecasted temperature of the predetermined portion to respectively 
coincide with the desired temperature of the object to be processed 
during the thermal process and the desired temperature of the 
predetermined portion during the thermal process defined in the recipe. 
Furthermore, when the thermal processing apparatus further 
10 comprises a loading/unloading unit that loads an object to be processed 
into the processing container and, that unloads the object to be 
processed from the processing container after a thermal process, it Is 
preferable that: the thermal model is configured to forecast, from the 
outputs of the plurality of temperature sensors during a loading and/or 
15 unloading process, a temperature of the object to be processed 
contained in the processing container during the loading and/or 
unloading process and a temperature of the at least one other 
predetermined portion in the processing container during the loading 
and/or unloading process; a desired temperature of the object to be 
20 processed during the loading and/or unloading process and a desired 
temperature of the predetermined portion during the loading and/or 
unloading process are defined in the recipe; and the controlling part is 

-adapted to forecast a. temperature of the object to be processed during 

the loading and/or unloading process and a temperature of the 
25 predetermined portion during the loading and/or unloading process by 
using the outputs of the plurality of temperature sensors and the 
thermal model, and to control the plurality of heaters so as to cause the 
forecasted temperature of the object to be processed and the forecasted 
temperature of the predetermined portion to respectively coincide with 
30 the desired temperature of the object to be processed during the loading 
and/or unloading process and the desired temperature of the 
predetermined portion during the loading and/or unloading process 
defined in the redpe. 

In addition, the present invention Is a thermal processing method 
35 of controlling a thermal processing apparatus including: a processing 
container for containing an object to be processed; a plurality of heaters 
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for heating the object to be processed; and a plurality of temperature 
sensors for respectively detecting temperatures at a plurality of 
predetermined positions in the processing container; the thermal 
processing method comprising: a forecasting step of forecasting a 
5 temperature of the object to be processed and a temperature of at least 
one other predetermined portion in the processing container by applying 
outputs of the plurality of temperature sensors to a thermal model that 
has been set in advance; and a controlling step of controlling the 
plurality of heaters so as to cause the forecasted temperature of the 
10 object to be processed and the forecasted temperature of the 
predetermined portion to respectively coincide with a desired 
temperature of the object to be processed and a desired temperature of 
the predetermined portion that have been defined in advance. 

Alternatively, the present invention Is a program for controlling a 
15 thermal processing apparatus including: a processing container for 
containing an object to be processed; a plurality of heaters for heating 
the object to be processed; and a plurality of temperature sensors for 
respectively detecting temperatures at a plurality of predetermined 
positions in the processing container; the program being adapted to 
20 cause a computer to execute: a forecasting step of forecasting a 
temperature of the object to be processed and a temperature of at least 
one other predetermined portion in the processing container by applying 
outputs of the plurality of temperature sensors to a thermal model that 
has been set in advance; and a controlling step of controlling the 
25 plurality of heaters so as to cause the forecasted temperature of the 
object to be processed and the forecasted temperature of the 
predetermined portion to respectively coincide with a desired 
temperature of the object to be processed and a desired temperature of 
the predetermined portion that have been defined In advance. 
30 Altematively, the present Invention is a storage medium capable 

of being read by a computer, storing a program for controlling a thermal 
processing apparatus including: a processing container for containing an 
object to be processed; a plurality of heaters for heating the object to be 
processed; and a plurality of temperature sensors for respectively 
35 detecting temperatures at a plurality of predetermined positions in the 
processing container; the program being adapted to cause a computer 
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to execute: a forecasting step of forecasting a temperature of the object 
to be processed and a temperature of at least one other predetemnined 
portion in the processing container by applying outputs of the plurality of 
temperature sensors to a thermal model that has been set in advance; 
and a controlling step of controlling the plurality of heaters so as to 
cause the forecasted temperature of the object to be processed and the 
forecasted temperature of the predetermined portion to respectively 
coincide with a desired temperature of the object to be processed and a 
desired temperature of the predetermined portion that have been 
defined in advance. 

Alternatively, the present Invention is a controlling unit for 
controlling a thermal processing apparatus including: a processing 
container for containing an object to be processed; a plurality of heaters 
for heating the object to be processed; and a plurality of temperature 
sensors for respectively detecting temperatures at a plurality of 
predetermined positions in the processing container; the controlling unit 
comprising: a storing part that stores: a thermal model for forecasting a 
temperature of the object to be processed contained in the processing 
container from outputs of the plurality of temperature sensors, and a 
recipe in which a desired temperature of the object to be processed is 
defined; and a controlling part that forecasts a temperature of the object 
to be processed by using the outputs of the plurality of temperature 
sensors and the thermal model, and that controls the plurality of heaters 
so as to cause the forecasted temperature of the object to be processed 
to coincide with the desired temperature of the object to be processed 
defined in the recipe; wherein the thermal model is configured to 
forecast, from the outputs of the plurality of temperature sensors, not 
only a temperature of the object to be processed contained in the 
processing container but also a temperature of at least one other 
predetermined portion in the processing container; a desired 
temperature of the predetermined portion is also defined in the recipe; 
and the controlling part is adapted to forecast a temperature of the 
object to be processed and a temperature of the predetermined portion 
by using the outputs of the plurality of temperature sensors and the 
thennal model, and to control the plurality of heaters so as to cause the 
forecasted temperature of the object to be processed and the forecasted 
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temperature of the predetermined portion to respectively coincide with 
the desired temperature of the object to be processed and the desired 
temperature of the predetermined portion defined in the recipe. 

The controlling unit or any element of the controlling unit can be 
materialized by a computer system. A program for materializing the 
controlling unit or any element of the controlling unit in a computer 
system, and a storage medium storing the program and capable of 
being read by a computer, are also Intended to be protected by this 
application. 

In addition, when the above controlling unit or any element of 
the above controlling unit may be materialized in a computer system by 
using a general program such as an OS, a program including a 
command or commands for controlling the general program, and a 
storage medium storing the program and capable of being read by a 
computer, are also intended to be protected by this application. 

Herein, the storage medium may be not only a tangible object 
such as a floppy disk or the like, but also a network for transmitting 
various signals. 

Brief Descriptio n of the Drawings 

Fig. 1 is a schematic sectional view showing a structure of a 
thermal processing apparatus according to an embodiment of the 
present invention; ...... 

Rg. 2 is schematic view showing a structure of the controlling 
part of the thermal processing apparatus of Fig. 1; 

Fig. 3A is a view showing an example of data stored in the 
thermal-model storing part of Fig. 2; 

Fig. 3B is a view showing an example of data stored in the recipe 
storing part of Rg. 2; 

Fig. 4 is a perspective view for explaining a temperature 
measurement position of a lower heater; 

Fig. 5 is a graph showing an example of set-up redpe; 

Rg. 6 is a graph showing an example of process recipe; 

Fig. 7 is a schematic view showing an example of structure of a 
temperature measuring apparatus; 

Fig. 8 is a schematic vertical sectional view showing a state 
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wherein arm portions of the tennperature measuring apparatus are 
inserted into a boat; 

Rg. 9 is a flow chart for explaining procedures for correcting a 
standard thermal model to generate a corrected thermal model, 

Rg. 10 Is a stored table associating temperatures forecasted by 
the standard thermal model with temperatures measured actually, 
regarding respective set temperatures in the set-up recipe, 

Rg. 11 is a graph for explaining a correction amount from the 
standard thermal model; 

Rg. 12A is a flow chart showing procedures for a loading 
operation; 

Rg. 12B is a flow chart showing procedures for an unloading 
operation; and 

Rg. 13 is a flow chart for explaining an example of film-fomning 
process. 

Description of the Preferred Embodiment 
Hereinafter, embodiments of the present invention are explained 
In detail with reference to the attached drawings. 

A vertical type of thermal processing apparatus 1 of the present 
embodiment comprises a processing container (reaction tube) 11, as 
shown in Rg. 1. The processing container 11 is adapted to contain 
wafers W as objects to be processed, and to conduct a predetermined 
thermal process, such as a CVD process, to the wafers W. The 
processing container 11 is made of a material having heat resistance 
and corrosion resistance, such as a quartz glass. The processing 
container 11 has a single tube structure, in which upper and lower ends 
thereof are opened. The upper end portion is narrowed into a thin 
diameter in order to form a gas-discharging portion 12. The 
gas-discharging portion 12 is connected to a vacuum pump and so on, 
via a gas-discharging pipe not shown and the like. 

A gas-introducing part (gas-introducing port) 13 for introducing a 
process gas and/or an inert gas into the processing container 11 is 
arranged at a lower portion of the processing container 11. A plurality 
of gas-supplying pipes 14 communicated with a gas source is inserted 
through the gas-introducing part 13. The process gas introduced 
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through the gas-Introducing part 13 goes up in the processing container 
11, is used for the predetemnined themnal process to the wafers W, and 
is discharged from the gas-discharging part 12. 

A lower end portion of the processing container 11 Is formed into 
5 a flange. The lower end portion 15 is opened and closed by a lid 21, 
which is made of a material having heat resistance and corrosion 
resistance such as stainless steel. The lid 21 is moved up and down by 
an elevator not shown. The lid 21 hermetically closes the lower end 
portion 15 of the processing container 11 at a moved-up position thereof, 
10 and opens the same at a moved-down position thereof. 

An O-ring 22 for securing alrtightness Is arranged between the 
lower end portion 15 of the processing container 11 and the lid 21. 

A rotation column 23 stands up at a central portion of the lid 21 
In a rotatable manner. A rotation table 24 is fixed to an upper end of 
15 the rotation column 23. 

A driving part 25 that causes the rotation column 23 to rotate is 
provided at a lower portion of the lid 21. 

A boat (wafer boat) 26 made of a quartz glass and capable of 
holding for example 60 semiconductor wafers W at predetermined 
20 Intervals In a vertical direction is placed on the rotation table 24. The 
boat 26 Is placed on the rotation table 24 under a condition wherein the 
lid 21 is moved down. Then, the lid 21 is moved up, and hemrietically 
closes the lower end portion 15 of the processing container 11, so that 
the loading operation of the boat 26 into the processing container 11 is 
25 completed. After a thermal process Is completed, the lid 21 Is moved 
down, and the boat 26 Is unloaded. During the thermal process, the 
rotation table 24 is caused to rotate by the driving part 25, so that the 
wafers W are thermally processed uniformly. 

A circumferential heater 31 for heating the wafers W contained in 
30 the processing container 11 from peripheral portions thereof is arranged 
around the processing container 11. The circumferential heater 31 Is 
arranged in a vertical cylindrical shape so as to surround the processing 
container 11. The circumferential heater 31 is formed by a plurality of 
rod-like resistance heating members, for example. The circumferential 
35 heater 31 of the present embodiment consists of: main heaters 31a that 
heat the whole circumferential surface of the processing container 11; 
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upper-end sub-heaters 31b that heat a circumferential surface on the 
upper-end side of the processing container 11, and lower-end 
sub-heaters 31c that heat a circumferential surface on the lower-end 
side of the processing container 11. The main heaters 31a and the 
sub-heaters 31b, 31c are arranged altemately in a circumferential 
direction of the processing container 11. 

An upper heater 32 Is provided at an upper portion of the 
processing container 11. 

The upper heater 32 is formed in a doughnut shape around the 
gas-discharging pipe 12, and fixed to the processing container 11 by 
means of a supporting member 34. Thus, the upper heater 32 prevents 
temperature fall of the wafers W, which may be caused by heat radiation 
from the gas-discharging portion 12 of the processing container 11. 

A lower heater 33 is provided at a lower portion of the processing 
container 11. 

The lower heater 33 is arranged under the rotation table 24 in 
the processing container 11, and fixed to the lid 21 by means of a 
supporting member 35. The lower heater 33 is formed In a doughnut 
shape In such a manner that the rotation column 23 pierces through a 
central portion thereof. Thus, the lower heater 33 prevents 
temperature fall of the wafers W, which may be caused by heat radiation 
from the lid 21 or the like. 

Three temperature sensors SI to S3 are arranged In a vertical 

direction on the outside surface of the processing container 11. The 
temperature sensor SI Is arranged at a position corresponding to an 
upper portion of the boat 26, the temperature sensor S2 is arranged at a 
position corresponding to a central portion of the boat 26, and the 
temperature sensor S3 is arranged at a position corresponding to a 
lower portion of the boat 26. 

In addition, a temperature sensor S4 Is arranged between the 
upper heater 32 In the processing container 11 and the upper end 
surface of the boat 25. In addition, a temperature sensor S5 Is 
arranged between the lower heater 33 In the processing container 11 
and the rotation table 24. Each temperature sensor S4, S5 is contained 
In a quartz tube, for example, in order to prevent generation of metal 
contamination in the processing container 11. 
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Outputs (detected temperatures) of the temperature sensors SI 
to S5 are used to forecast (estimate, predict) respective surface 
temperatures: of the wafers W placed on the boat 26, of the upper 
heater 32, and of the lower heater 33. 

The thermal processing apparatus 1 comprises a controlling part 
100 that controls the whole apparatus. 

As shown in Fig. 2, the controlling part 100 is connected to the 
temperature sensors SI to S5, an operational panel 121, a pressure 
gauge(s) 122, a heater controller 123, a massflow controller 124, a 
valve opening/closing controller 125, a vacuum pump 126, a boat 
elevator 127, and the like. 

The temperature sensors SI to S3 measure temperatures at the 
outside wall of the processing container 11, and inform the controlling 
part 100 of them. The temperature sensor S4 measures a temperature 
in the vicinity of the upper heater 32, and informs the controlling part 
100 of it. The temperature sensor S5 measures a temperature in the 
vicinity of the lower heater 33, and informs the controlling part 100 of it 

The operational panel 121 comprises a display screen and 
operational buttons. Through the operational buttons, operations 
and/or instructions from an operator are transmitted to the controlling 
part 100. In addition, various information from the controlling part 100 
Is displayed on the display screen. 

The pressure gauge(s) 122 measure pressures at -respective 
positions in the processing container 11 and in the gas-discharging 
portion 12, and inform the controlling part 100 of them. 

The heater controller 123 controls the heaters 31a, 31b, 31c, 32 
and 33, independently. Concretely, in response to instructions from the 
controlling part 100, the heater controller 123 supplies electric power to 
the heaters 31a, 31b, 31c, 32 and 33, in order to heat them. In 
addition, the heater controller 123 measures electric power consumption 
of the heaters 31a, 31b, 31c, 32 and 33, independently, and informs the 
controlling part 100 of the measured values. 

The massflow controller 124 is arranged for each pipe, and 
controls a flow rate of a gas flowing in each pipe to a value instructed by 
the controlling part 100. In addition, the massflow controller 124 
measures a flow rate of the gas that actually flows, and informs the 
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controlling part 100 of the measured value. 

The valve opening/dosing controller 125 Is arranged for each 

pipe, and controls an opening degree of a valve arranged in each pipe to 

a value instructed by the controlling part 100. 

The vacuum pump 126 is connected to the gas-discharging pipe 

12 of the processing container 11 via a gas-discharging pipe or the like, 

and discharges the gas from the processing container 11. 

The boat elevator 127 moves up the lid 21 so that the boat 26 

placed on the rotation table 24 is loaded into the processing container 11, 

and moves down the lid 21 so that the boat 26 placed on the rotation 

table 24 is unloaded from the processing container 11. 

As shown in Fig. 2, the controlling part 100 consists of a 

thermal-model storing part 111, a redpe storing part 112, a ROI^ 113, a 

RAM 114, an I/O port 115, a CPU 116, and bus lines 117 for connection 

of these elements. 

In the thermal-model storing part 111, as shown In Rg. 3A, 

stored are a standard thermal model Ml made by using a standard 
apparatus having the same specification as the thermal processing 
apparatus 1, and a corrected thermal model M2 generated by correcting 
the standard thermal model Ml for the thermal processing apparatus 1. 
Just after the thermal processing apparatus 1 has been manufactured, 
only the standard thermal model Ml is stored in the thermal-nfiodel 
storing part 111. Through a set-up operation of the thermal processing 
apparatus 1, the standard thermal model Ml is modified, and the 
corrected thermal model M2 is generated and stored in the 
thermal-model storing part 111. 

Both the standard thermal model Ml and the corrected thermal 
model M2 are models (mathanatical models: high-order 
multi-dimensional matrix) for forecasting temperatures in the processing 
container 11, from the output signals (measured temperatures) of the 
temperature sensors SI to S5 and electric power supplied to the heaters 
31a to 33 (instruction values showing supply electric power from the 
heater controller 123 connected to the heaters 31a to 33) and the like. 
Herein, the standard thermal model Ml that has been generated by the 
standard apparatus is common for a plurality of thermal processing 
apparatuses 1 having the same specification. On the other hand, the 
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corrected thermal model M2 has been generated at a set-up operation of 
a specific thermal processing apparatus 1 In such a manner that thermal 
properties of the specific thermal processing apparatus are accurately 
reflected, and Is to be used for an actual operation (of conducting a 
5 thermal process). 

I^ore specifically, the standard thermal model Ml forecasts, from 
the output signals (measured temperatures) of the temperature sensors 
SI to S5 and the supply electric power to the heaters 31a to 33 and the 
like, a temperature of a central portion PI of a wafer W placed on an 

10 upper portion of the boat 26 (boat-upper wafer), a temperature of a 
peripheral portion P2 of the boat-upper wafer, a temperature of a central 
portion P3 of a wafer W placed on a central portion of the boat 26 
(boat-central wafer), a temperature of a central portion P4 of a wafer W 
placed on a lower portion of the boat 26 (boat-lower wafer), a 

15 temperature of a peripheral portion P5 of the boat-lower wafer, a 
temperature of the temperature sensor S4 arranged In the upper portion 
of the boat 26, temperatures of two points P6, P7 on the lower heater 33, 
and temperatures of predetermined positions P8, P9 on the Inside 
surface of the side wall of the processing container 11 (see Rg. 1). 

20 The reason why a temperature of a peripheral portion of the 

boat-central wafer is not measured Is that the central pori:ion of the boat 
26 is thermally stable so that there is no substantial temperature 
difference, between at the central portion P3 and at the peripheral 
portion. That Is, the temperature of the central portion P3 can solely 

25 represent the temperature of the whole boat-central wafer W. 

As shown in Rg. 4, the temperature measurement positions P6 
and P7 on the lower heater 33 are located symmetrical with respect to 
the center of the doughnut-shaped lower heater 33. 

In addition, the positions P8 and P9 on the inside suri'ace of the 

30 side wall of the processing container 11 are respectively located at about 
1/3 and 2/3 between the upper end and the lower end of the processing 
container 11. 

In addition, the standard thermal model Ml calculates electric 
power to be supplied to the respective heaters 31a, 31b, 31c, 32 and 33, 
35 based on the forecasted temperatures at the ten positions (the positions 
PI to P9 and the sensor S4), in order for the forecasted temperatures to 
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coindde with the temperatures (target values) defined in the redpe. 
Herein, a method of generating the standard themnai model Ml is 
disdosed In USP 5,517,594, for example. 

The corred:ed thermal model M2 is the same as the standard 
themrial model Ml except that the a)rred:ed thermal model M2 has been 
corredied based on the thermal properties inherent in the thermal 
processing apparatus 1 so as to accurately forecast the temperatures at 
the respective positions. 

As shown in Rg. 3B, a set-up redpe Rl and a plurality of process 
recipes R2 are stored in the redpe-storing part 112 of Fig. 2. 

Just after the thermal processing apparatus 1 has been 
manufactured, only the set-up redpe Rl is stored. The set-up redpe Rl 
is carried out when the standard themnal model Ml of the thermal 
processing apparatus 1 is corrected to generate the corrected thermal 
model M2. As shown in Fig. 5, the set-up recipe Rl defines raising of 
the temperatures at the temperature measurement positions PI to P9 
and at the sensor S4 stepwise with respect to time. In addition, the 
set-up recipe Rl defines a pressure in the processing container 11, a 
kind of gas supplied into the processing container, a flow rate of the gas, 
a gas supply starting timing, a gas supply stopping timing, and the like. 

On the other hand, the process recipes R2 are prepared for 
respective actual thermal processes by the user. As shown in Rg. 6, a 
process recipe R2 of the present embodiment defines temperature 
changes of the respective positions, a pressure change In the processing 
container, a process-gas supply starting timing, a process-gas supply 
stopping timing, a fiow rate of the process gas, and so on, from a 
loading step of the semiconductor wafers W into the processing 
container 11 till an unloading step of the processed wafers W. 

The process recipes R2 defines changes of: the temperatures at 
the temperature measurement positions PI to P5 of the wafers W, the 
temperature of the temperature sensor S4, the temperatures at the 
temperature measurement positions P6, P7 of the lower heater 33, and 
the temperatures at the temperature measurement positions P8, P9 on 
the inside surface of the side wall of the processing container 11, for 
each process. 

The controlling part 100 of the themnal processing apparatus 1 
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forecasts the temperatures at the temperature measurement positions 
PI to P5 of the wafers W, based on the measured temperatures of the 
temperature sensors SI to S5 and the supply electric power supplied 
from the heater controller 123 to the respective heaters and the like, 
and controls the heaters 31a to 33 in such a manner that the forecasted 
temperatures coincide with the temperatures defined In the process 
recipe R2. Furthennore, the controlling part 100 forecasts the 
temperature of the temperature sensor S4, the temperatures at the 
temperature measurement positions P6, P7 of the lower heater 33, and 
the temperatures at the temperature measurement positions P8, P9 on 
the inside surface of the side wall of the processing container 11, based 
on the measured temperatures of the temperature sensors SI to S5 and 
the supply electric power supplied from the heater controller 123 to the 
respective heaters and the like, and controls the heaters 31a to 33 In 
such a manner that the forecasted temperatures coincide with the 
temperatures defined in the process recipe R2. 

The ROM 113 as shown in Fig. 2 is a storage medium formed by 
an EEPROI^, a flash memory, a hard disk, or the like, and stores an 
operational program for the CPU 116 or the like. The RAM 114 serves 
as a work area of the CPU 116. 

The I/O port 115 is connected to the temperature sensors SI to 
S5, the operational panel 121, the pressure gauges 122, the heater 
controller 123, the massflow controller 124, the valve opening/closing 
controller 125, the vacuum pump 126, the boat elevator 127, and the 
like, and controls input/output of data and signals. 

The bus lines 117 are used for transmitting information between 
the respective components. 

The CPU (Central Processing Unit) 116 forms a center of the 
controlling part 100. The CPU 116 carries out a control program stored 
In the ROM 113, and controls an operation of the thermal processing 
apparatus 1 in accordance with instructions from the operational panel 
121 and/or any recipe stored in the recipe-storing part 112. 

Next, a temperature measuring apparatus 51 used in a set-up 
operation of the thermally processing apparatus 1 is explained. 

As shown In Fig. 7, the temperature measuring apparatus 51 
comprises a column 52, and first to sixth arm portions 53 to 58, each of 
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which extends in a horizontal direction from the column 52. As shown 
in Rg. 8, the first, second and third arm portions 53, 54, 55 extend to be 
capable of being inserted Into an upper slot, a central slot and a lower 
slot of the boat 26, respectively. The fourth arm portion 56 avoids the 
rotation column 23 and extends to face the temperature measurement 
positions P6, P7 of the lower heater 33 nearby. The fifth and sixth ami 
portions 57, 58 extend to face the temperature measurement positions 
P8, P9 of the side wall of the processing container 11, respectively. 

As shown in Fig. 7, on the first ami portion 53, thermocouples 
TCI and TC2 are arranged at positions respectively corresponding to the 
central portion PI and the peripheral portion P2 of the boat upper wafer 
W. 

On the second arm portion 54, a thermocouple TC3 is arranged 
at a position corresponding to the central portion P3 of the boat central 
wafer W. 

On the third arm portion 55, thermocouples TC4 and TC5 are 
arranged at positions respectively corresponding to the central portion 
P4 and the peripheral portion P5 of the boat lower wafer W. 

On the fourth arm portion 56, thermocouples TC6 and TC7 are 
arranged at positions respectively corresponding to the temperature 
measurement positions P6 and P7 of the lower heater 33. 

On the fifth arm portion 57, a thermocouple TC8 is arranged at a 
position corresponding to the temperature measurement position P8 of 
the side wall of the processing container 11. 

On the sixth arm portion 58, a thermocouple TC9 is arranged at 
a position cx)rresponding to the temperature measurement position P9 of 
the side wall of the processing container 11. 

The thermocouples TCI to TC9 are arranged close to the 
respective temperature measurement positions PI to P9 in a noncontact 
manner, and are capable of measuring the temperatures of the 
respective temperature measurement positions PI to P9 accurately. 
Output signal lines from the themnocouples TC are connected to the I/O 
port 115 of the controlling part 100 at the set-up operation. 

Next, the set-up operation of the thermally processing apparatus 
1 is explained with reference to the flow chart of Rg. 9. The set-up 
operation is an operation of obtaining a minute difference of thermal 



properties between the individual thennal processing apparatus 1 and 
the standard apparatus, and of correcting the standard thermal model 
Ml stored in the themnal-model storing part 111 in order to generate the 
corrected thermal model M2 specific to the themial processing apparatus 
5 1. 

At first, an operator arranges (loads) the boat 26 holding dummy 
wafers W and the temperature measuring apparatus 51 into the 
processing container 11. Specifically, the operator operates the 
operational panel 121 to instruct moving-down of the wafer boat lid 21. 
10 In response to the instmctlons, the controlling part 100 (CPU 116) 
moves down the boat elevator 127, and thus moves down the wafer 
boat lid 21. When the wafer boat lid 21 Is moved down, the operator 
arranges the boat 26 holding the dummy wafers W onto the rotation 
table 24 by means of a robot not shown. In addition, by means of the 
15 robot not shown, the operator places the temperature measuring 
apparatus 51 onto the lid 21, and positions the first to sixth amn portions 
53 to 58 at the predetermined positions shown In Figs. 7 and 8. Then, 
the operator operates the operational panel 121 to instruct moving-up of 
the wafer boat lid 21. In response to the instructions, the controlling 
20 part 100 (CPU 116) moves up the boat elevator 127, and thus moves up 
the lid 21, so that the boat 26 and the temperature measuring 
apparatus 51 are loaded Into the processing container 11. 

Then, the operator operates the operational panel 121 to instruct 

a start of a correcting operation of the standard thermal model Ml. 
25 In response to the instructions, the controlling part 100 starts the 

following steps In accordance with a program for the correcting 
operation stored in the ROM 113. 

At first, the controlling part 100 controls the valve 
opening/closing controller 125 and the vacuum pump 126 in order to 
30 reduce a pressure in the processing container 11 to a predetermined 
pressure, while monitoring outputs of the pressure gauges 122 (step 
Sll). 

Then, the controlling part 100 sets target temperatures of the 
temperature measurement positions PI to P9 and of the sensor S4 in 
35 the processing container 11 to a first temperature (for example, 500 °C), 
In accordance with the set-up redpe Rl (step S12). 
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When the temperatures In the processing container 11 are 
stabilized, by means of the temperature sensors SI to S5 and the 
thermocouples TCI to TC9, temperatures of the respective temperature 
measurement positions are actually measured (step S13). 

Then, Infomnatlon about the measured temperatures of the 
temperature sensors SI to S5 and the electric power supplied to the 
heaters 31 to 33 and the like is applied to the standard thermal model 
Ml. Thus, the temperatures at the temperature measurement positions 
PI to P9 (the temperature measurement positions PI to P5 at the 
central and peripheral portions of the monitor wafers W, the 
temperature measurement positions P6, P7 of the lower heater 33, and 
the temperature measurement positions P8, P9 on the Inside surface of 
the side wall of the processing container 11) and at the temperature 
sensor S4 are forecasted (step S14). 

Then, the forecasted values and the measured values of the 
temperature measurement positions PI to P9 and the temperature 
sensor S4 are associated with each other, and are stored in the RAM 114 
(step S15). 

Then, the controlling part 100 judges whether the set-up 
operation for all the temperatures that have been set in the set-up 
recipe Rl Is completed or not (step S16). If not (step S16; No), the 
process returns to the step S12, and the same steps for the next set 
temperature are repeated. 

On the other hand, when the set-up operation for all the 
temperatures that have been set in the set-up redpe Rl is completed 
(step S16; Yes), as shown In Fig. 10, a corresponding table of the 
forecasted temperatures and the measured temperatures is obtained in 
the RAM 114. Then, the process proceeds to step S18. 

In the step S18, based on the corresponding table formed in the 
RAM 114, the temperatures TRl to TR9 measured by the thermocouples 
TCI to TC9 and the temperature TRIO measured by the temperature 
sensor S4, and the temperatures TPl to TP9 at the temperature 
measurement positions PI to P9 and the temperature TPIO at the 
temperature sensor S4 forecasted by means of the standard thermal 
model Ml are respectively compared, so that correction values for the 
temperatures of the wafers W are obtained. 
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The method of obtaining the correction values is not limited. For 
example, the correction values can be obtained in accordance with the 
following expression 1. 

Correction Value Ai = Forecasted Value TPi by Standard Thermal 
Model Ml - Measured Value TRi (expression 1) 

Herein, the suffix "i" means any of 1 to 9 corresponding to the 
temperature measurement positions PI to P9, or 10 corresponding to 
the temperature sensor S4. 

The collection value A may be expressed as a function of "i". 
For example, when the forecasted values TPi - the measured values TR| 
are dispersed as shown in Rg. 11, a linear function f(TPi) for 
representing them is obtained by means of a least square method, so 
that the linear function f(TPi) may be used as the collection value Ai. 

Then, the corrected thennal model M2 is created by con^cting 
the standard thermal model Ml, and stored In the thermal-model storing 
part 111 (step S19). That is, as shown in the following expression 2, 
the corrected thermal model M2 is created so as to forecast a value 
corrected by the collection value Ai from the forecasted value TPi by the 
standard thermal model Ml, and is stored in the thermal-model storing 
part 111. 

Forecasted Value TQ by Corrected Thermal Model M2 = 
Forecasted Value TP| by Standard Thermal Model Ml - Correction Value 
Ai (expression 2) 

For example. If the Correction Value Ai is represented as the 
function f(TPi) as shown in Fig. 11 and a forecasted temperature by the 
standard thermal model Ml is TO, the standard thennal model Ml is 
corrected in such a manner that the forecasted temperature amounts to 
TO - f(TO). 

As described above, the standard thermal model Ml is corrected 
for the thermal processing apparatus 1, so that the corrected thermal 
model M2 is obtained. 

After that, the controlling part 100 moves down the boat elevator 
127, and moves down the lid 21, so that the boat 26 and the 
temperature measuring apparatus 51 are unloaded. Then, the operator 
operates the operational panel 121 to convey out the boat 26 and the 
temperature measuring apparatus 51 from the processing container 11 
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by means of the robot not shown. 

The corrected thermal model M2 stored in the thermal-model 
storing part 111 is used for forecasting temperatures of the temperature 
measurement positions PI to P9 and the temperature sensor S4 during 
the subsequent actual process. 

Then, an operation of conducting a thermal process such as a 
film-forming process or a diffusion process by using the corrected 
thermal model M2 is explained with reference to Figs. 12 and 13. 

At first, the operator operates the operational panel 121 to 
identify a process to be carried out. In response to the instructions from 
the operational panel 121, the CPU 116 reads out a process recipe of the 
process to be carried out from the recipe storing part 112, and causes 
the I^M 114 to store the process recipe. Herein, assume that the 
recipe shown in Rg. 6 is selected. 

The operator operates the operational panel 121 to place the 
boat 26 holding wafers W as objects to be processed onto the rotation 
table 24 by means of the robot not shown. Then, the operator instructs 
a loading operation of the boat 26. In response to the instructions, the 
controlling part 100 controls the boat elevator 127 to load the boat 26 
while maintaining a temperature of the inside surface of the processing 
container 11 at a temperature specified by the process recipe. 

To be specifically explained, as shown in Fig. 12A, the CPU 116 
of the controlling part 100 repeats the operation of controlling the boat 
elevator 127 to load the boat 26 (step S21), and the operation of 
detecting the temperatures by the temperature sensors SI to S5 and of 
controlling the heaters 31 to 33 via the heater controller 123 (step S22) 
In such a manner that the forecasted temperatures of the temperature 
measurement positions P8, P9 on the inside wall of the processing 
container 11 coincide with the temperatures defined in the process 
recipe, until completion of the loading operation of the boat 26 is 
detected (step S23; Yes). 

When the loading operation of the boat 26 is completed, the 
controlling part 100 discharges the gas from the processing container 11, 
and controls the heaters 31 to 33 via the heater controller 123 in such a 
manner that the temperatures at the respective positions coincide with 
the temperatures defined in the recipe. When the gas-discharging 
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operation in the processing container 11 is completed and the 
temperatures at the respective positions including the wafers In the 
processing container 11 coincide with the temperatures defined by the 
process recipe, the controlling part 100 starts supply of the process gas 
via the valve opening/dosing controller 125. 

After that, the pressure in the processing container 11, the 
temperatures at the respective positions, the gas flow rate, the 
gas-discharging volume, and the like are controlled in accordance with 
the recipe, while the thermal process is conducted. During that, the 
controlling part 100 controls the heaters 31 to 33 in such a manner that 
the respective forecasted temperatures at the temperature 
measurement positions P6, P7 of the lower heater 33, at the 
temperature measurement positions P8, P9 at the side wall of the 
processing container 11, and at the temperature sensor S4 coincide with 
the temperatures defined by the recipe. 

To be specifically explained, as shown in Fig. 13, the CPU 116 
measures the temperatures by the temperature sensors SI to S5, and 
obtains measured values of the heater electric power (step S31). 

Then, the CPU 116 applies the obtained measured values to the 
corrected thermal model M2, in order to forecast temperatures at the 
temperature measurement positions PI to P9 and at the temperature 
sensor S4 (step S32). 

Then, the CPU 116 controls electric power to be supplied to the 
heaters 31 to 33 via the heater controller 124 in such a manner that the 
forecasted temperatures at the temperature measurement positions PI 
to P5 coincide with wafer temperatures specified by the process recipe, 
that an average value of the forecasted temperatures at the 
temperature measurement positions P6, P7 coincides with a 
temperature of the lower heater 33 specified by the process recipe, that 
an average value of the forecasted temperatures at the temperature 
measurement positions P8, P9 coincides with a temperature of the inside 
surface of the processing container 11 specified by the process recipe, 
and that the forecasted temperature at the temperature sensor S4 
coincides with a temperature of the temperature sensor S4 specified by 
the process recipe (step S33). 

Then, the CPU 116 takes measured values of the pressure 
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gauges 122 and the mass flow controller 124 and the like, and controls 
the massflow controller 124, the valve opening/closing controller 125, 
the vacuum pump 126, and the like In such a manner that the pressure 
in the processing container 11, the gas flow rate, and the like coincide 
5 with their values deflned in the process recipe. 

Then, the CPU 116 judges whether the process is completed or 
not, for example whether the process has continued for a certain time or 
not (step S35). If not (step S35; NO), the process returns to the step 
S31, and continues. If completed (step S35; Yes), the themial process 
10 ends, and a purging process or the like starts. 

As described above, not only the forecasted temperatures 
(estimated temperatures) of the wafers W are controlled to coincide with 
the temperatures defined in the recipe, but also the forecasted 
temperatures of the portions in the processing container 11 other than 
15 the wafers W, concretely the lower heater 33, the side wall of the 
processing container 11 and the temperature sensor S4, are controlled 
to coincide with the temperatures defined in the recipe. Thus, 
compared with a case wherein only the temperatures of the wafers W 
are forecasted and controlled, fluctuation (dispersion) of 
20 gas-decomposing effect is inhibited, for example in a CVD process. 
Thus, the thermal process can be carried out under a state wherein 
fluctuation (dispersion) from the intended process is small, so that a 

result dose to the intended result can be obtained 

Furthermore, when a recipe is appropriately set for each process, 
25 the gas-decomposing effect may be promoted or damped. Thus, a 
film-forming result that is preferable to the user can be obtained. 

After the film-fomiing process is completed, the controlling part 
100 controls the valve opening/dosing controller 125, the vacuum pump 
126, the heater controller 123, and the like, so that the supply of the 
30 process gas is stopped. Instead, while a purge gas is supplied and the 
process gas In the processing container 11 is discharged, the pressure in 
the processing container 11 is raised, and the inside of the processing 
container 11 is cooled. 

When the pressure in the processing container 11 is raised to the 
35 atmospheric pressure and the temperature of the inside of the 
processing container 11 is reduced to a predetennined temperature, the 
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controlling part 100 controls the boat elevator 127 to unload the boat 26. 
During the unloading operation, that is, while the wafers W are taken 
out from the processing container 11, the controlling part 100 controls 
the heaters 31 to 33 In such a nnanner that the forecasted temperatures 
at the temperature measurement positions P8, P9 on the inside surface 
of the processing container 11 are respectively maintained at constant 
temperatures that have been set in the recipe. In addition, during that, 
the controlling part 100 controls the vacuum pump 126 and the like in 
order to discharge partides generated in the processing container 11 
through the gas-discharging portion 12. 

To be concretely explained, as shown in Rg. 12B, the CPU 116 of 
the controlling part 100 repeats the operation of controlling the boat 
elevator 127 to unload the boat 26 (step S25), the operation of 
detecting the temperatures by the temperature sensors SI to S5 and of 
controlling the heaters 31 to 33 via the heater controller 123 (step S26) 
in such a manner that the forecasted temperatures of the temperature 
measurement positions P8, P9 on the inside wall of the processing 
container 11 coincide with the temperatures defined in the process 
recipe, and the operation of controlling the vacuum pump 126 in order 
to discharge the gas from the process container 11 (step S27), until 
completion of the unloading operation of the boat 26 is detected (step 
S28; Yes). 

When the unloading operation of the boat 26 is completed, the . 
operator operates the operational panel 121 to take out the boat 26 
from on the rotation table 24 by means of the robot not shown. 

As described above, the thermal processing apparatus of the 
present embodiment forecasts not only temperatures of the wafers but 
also temperatures of the predetermined portions in the processing 
container 11 other than the wafers W (the temperatures sensor S4, the 
lower heater 33, and the Inside surface of the processing container 11), 
and conducts a temperature control (heater control) in such a manner 
that the forecasted temperatures coincide with the temperatures that 
have been set in the recipe in advance. Thus, compared with the case 
wherein only the temperatures of the wafers W are forecasted and 
controlled, dispersion of the process is inhibited, so that a film-forming 
process can be conducted stably with high quality. 
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In addition, during the loading and unloading operation of the 
boat 26, the temperature of the inside surface of the processing 
container 11 is controlled at the substantially constant value. Thus, it 
can be prevented that the deposits on the inside surface of the 
processing container 11 are peeled off. Therefore, particle generation 
can be Inhibited. 

This Invention is not limited to the above embodiment, but may 
be variously modified and developed. For example, in the above 
embodiment, during the thermal process, other than the temperatures 
of the wafers W, the forecasted temperatures of the lower heater 33, the 
temperature sensor S4 and the inside surface of the processing 
container 11 are controlled to coincide with the temperatures defined in 
the recipe. However, this invention is not limited to this manner. For 
example, during the thermal process, only the temperatures of the 
wafers W and the temperatures of the lower heater 33 and the 
temperature sensor S4 may be forecasted and controlled, excluding the 
temperatures of the inside surface of the processing container 11. 

In addition, in the above embodiment, the temperatures of the 
temperature measurement positions P6, P7 of the lower heater 33 and 
of the temperature measurement positions P8, P9 of the inside surface 
of the processing container 11 are respectively forecasted, and 
controlled to coincide with the temperatures specified in the recipe. 
However, this invention is not limited to this manner. For example, only 
an average temperature of the temperature measurement positions P6, 
P7 of the lower heater 33 may be forecasted, and the heaters 31 to 33 
may be controlled In order for the forecasted average temperature to 
coincide with the temperature specified in the recipe. Alternatively, only 
an average temperature of the temperature measurement positions P8, 
P9 of the inside surface of the processing container 11 may be 
forecasted, and the heaters 31 to 33 may be controlled in order for the 
forecasted average temperature to coincide with the temperature 
specified in the recipe. 

In that case, a thermal model for forecasting the average 
temperature of the temperature measurement positions P6, P7 and/or 
the average temperature of the temperature measurement positions P8, 
P9 is stored in the thermal-model storing part 111, and a recipe of the 



average temperature of the temperature measurement positions P6, P7 
and/or the average temperature of the temperature measurement 
positions P8, P9 is stored in the recipe storing part 112. The CPU 116 
forecasts, based on the thermal model, the average temperature of the 

5 temperature measurement positions P6, P7 and/or the average 
temperature of the temperature measurement positions P8, P9, and 
controls the heaters 31 to 33 via the heater controller 123 in order for 
the forecasted average temperature to coincide with the temperature 
specified in the recipe. 

10 The thermal model may individually forecast temperatures of the 

temperature measurement positions P6 to l=>9. In that case, the CPU 
116 calculates an average value of the forecasted temperatures, and 
controls the heaters 31 to 33 via the heater controller 123 in such a 
manner that the average temperature of the temperature measurement 

15 positions P6, P7 and/or the average temperature of the temperature 
measurement positions P8, P9 respectively coincide with the 
temperatures defined in the recipe. 

In addition, any other portion may become an object (target) of 
the temperature control. For example, a temperature at any portion of 

20 the boat 26 and/or a temperature of the temperature sensor S5 may be 
forecasted and controlled. In that case, a model for forecasting a 
temperature at a predetermined portion of the boat 26 and/or a 
temperature of the temperature sensor S5 is generated, and an 
optimum recipe of the temperature at a predetermined portion of the 

25 boat 26 and/or the temperature (including temperature diange) of the 
temperature sensor S5 is made for a process. Then, the heater 31 is 
controlled In such a manner that the forecasted temperatures of the 
boat 26 and the temperature sensor S5 coincide with the temperatures 
defined in the redpe. 

30 Any portion may become an object (target) of the temperature 

control. However, a portion whose temperature has a direct or indirect 
effect on the process is preferably selected and set, taking into account a 
flow of the process gas, pressure distribution, and the like. 

Furthermore, the number of the temperatures sensors and/or 

35 the arrangement thereof may be suitably changed. The number is not 
limited to five, and the arrangement may be on the inside wall of the 



28 



processing container 11. 

The thermal processing apparatus 1 to which the present 
invention has been applied may be freely modified, not limited to the 
above embodiment. For example, the processing container 11 may 
have a double-tube structure, and the number of the semiconductor 
wafers W capable of being placed on the boat 26 may be larger (for 
example, 100 to 150) or smaller (for example, 15 to 30). 

In addition, the thermal process is not limited. That is, the 
present invention is applicable to not only the CVD apparatus, but also 
an oxidizing apparatus, an etching apparatus, and any other batch type 
of thermal processing apparatus. 

The components' structures and the components' operations are 
not limited to the above embodiment. For example, in the above 
embodiment, the number of side heaters is three, and the number of 
inside heaters is two. However, the number of heaters and the 
arrangement thereof are not limited. In addition, the heater is not 
limited to the electrical resistance type, but may be a heating lamp. In 
addition, the structure for measuring the temperatures of the wafers is 
not limited to the thermocouples, but may be any temperature sensor. 

The thermal model and the designing method thereof are not 
limited to those disclosed In USP 5,517,594, but any model and any 
designing method may be adopted. 

Furthermore, in the above embodiment, in generating the 
thermal model, the temperature of the upper heater 32 is substituted by 
the temperature of the temperature sensor S4, and the temperature of 
the lower heater 33 is directly measured by the themnocouples TC8, TC9. 
However, any other method is available. For example, a radiation 
thermometer may be used to measure the temperature. 

In addition, the controlling part 100 of the above embodiment 
may be either an exclusive system or a general-purpose computer 
system. For example, a program for carrying out the above correcting 
operation may be installed in a general -purpose computer system, so 
that the general-purpose computer system may be used as the 
controlling part 100. For example, (at least one part of) the computer 
program for carrying out the above correcting operation may be stored 
in a storage medium capable of being read by a computer, such as a 
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CD-ROM and a DVD-ROM, and may be distributed. The computer 
program may be transmitted to the RAM 114 through the I/O port 115. 
The transmitted program is executed by the CPU 116, so that the above 
correcting operation is carried out. 
5 In addition, a means for supplying the computer program into 

the computer system is not limited. That is, the computer program 
may be supplied via a communication line, a communication network, a 
communication system, or the like, instead of the above predetermined 
storage medium. Specifically, a program displayed on a bulletin board 
10 system (BBS) of a communication network may be overiapped with a 
carrier wave through a network, and transmitted to the yo port 115. 

Herein, the computer program may be executed under a control 
by an OS, in a general-purpose computer, similariy to the other 
application software. 
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